Propofol is a short acting, rapidly metabolized i.v. anaesthetic agent. It causes a decrease in arterial pressure after induction of anaesthesia and one study has implicated a direct depressant effect of propofol on the myocardium [1] . Although this change is significant it is clinically unimportant in healthy patients.
In elderly or high-risk patients, cardiovascular depression may have profound effects on myocardial oxygenation. Hypertension during induction of anaesthesia or in response to tracheal intubation is also undesirable in elderly, high-risk patients. An antinociceptive/analgesic effect of propofol has been proposed [2] [3] [4] ; such an effect might attenuate the pressor response to tracheal intubation.
The aim of the present study was to examine the pressor and sympathoadrenal responses to induction of anaesthesia and tracheal intubation in ASA I and III patients following either propofol or thiopentone.
PATIENTS AND METHODS

Part 1
Thirty-six ASA grade I patients were studied during elective gynaecological surgery requiring neuromuscular block and tracheal intubation. The patients were allocated randomly to receive either thiopentone (group T t ) or propofol (group P,). Premedication was with oral diazepam 10 mg 60-90 min before operation. In the anaesthetic • room, a 23-gauge cannula was placed in the dorsum of one hand for drug administration and an 18-gauge cannula sited in the antecubital fossa of the contralateral arm to permit sampling of venous blood. After 10 min to allow stabilization, fentanyl 100 ug was given i.v. One minute later, thiopentone 4-5 mg kg" 1 or propofol 2-2.5 mg kg"
1 was administered at a constant rate of injection over 40-60 s; induction of anaesthesia was assessed by loss of eyelash reflex. This was followed immediately by vecuronium 0.1 mg kg" 1 and the patient's lungs were ventilated with 70 % nitrous oxide in oxygen using a Bain coaxial system with a fresh gas flow of 70-90 ml kg" 1 min" 1 . Two minutes after administration of vecuronium, the trachea was intubated and ventilation was continued with 70 % nitrous oxide in oxygen to maintain normocapnia, assessed by measurement of end-expired carbon dioxide using a Gould capnograph.
Heart rate and systolic and diastolic arterial pressures were measured non-invasively using a semi-automated sphygmomanometer (Copal) and 10-ml samples of venous blood were withdrawn at the following times: baseline (after the 10-min stabilization period, before induction); 1 min after induction (before intubation); and 1, 3 and 5 min after tracheal intubation.
All blood samples were placed in heparinized tubes and centrifuged. The resulting plasma was stored at -70 °C and analysed for adrenaline and noradrenaline concentrations using high pressure liquid chromatography [5] .
Part 2
It was planned to study 30 ASA grade III patients, aged 40-80 yr, undergoing peripheral vascular surgery. The technique was similar to that in part 1 with the following exceptions: premedication was with diazepam 5-10 mg orally; on arrival of the patient in the anaesthetic room, a 14-gauge i.v. cannula and a 20-gauge radial artery cannula were inserted under local anaesthesia; and the ECG and arterial pressure trace were displayed continuously. Induction of anaesthesia was accomplished using thiopentone 3-4 mg kg" 1 (group T 2 ) or propofol 1.5-2.0 mg kg" 1 (group P 2 ) given at a constant rate of injection over 40-60 s. A lower induction dose of propofol than that used in part 1 was given, as previous work has indicated the need to reduce dosage in the elderly [6] .
The study was approved by the District Ethics Committee and written informed consent was obtained from all patients. In each part of the study, the anaesthetist (who was not a member of the study team) was free to intervene and treat any untoward response to induction or tracheal intubation. The patients in Part 2 were assessed as ASA grade III by the non-investigating anaesthetist.
Data were analysed by Chi-squared or Fisher's exact test, ANOVA and paired/unpaired Student's t tests as appropriate. Results are expressed as mean (SEM).
RESULTS
Part 1
There were 18 patients in group T Y and 18 in group P x . The groups were comparable for age, weight and surgery undertaken (table I) .
The mean (SEM) dose of the induction agent was 2.25 (0.07) mg kg" 1 for propofol and 4.8 (0.18) mg kg" 1 for thiopentone (ratio 1:2.1). Loss of consciousness was achieved in mean times of 58.1 (2.1) and 53.8 (3.1) s, respectively.
In both groups, systolic arterial pressure (SAP) decreased significantly (P < 0.001) following induction of anaesthesia, although the decrease was more marked in group Pj ( fig. 1 ). After tracheal intubation, SAP increased in both groups but was significantly {P < 0.005) greater than baseline in group Tj. The percentage increase in SAP from post-induction to post-intubation was similar in both groups (table II) . SAP at 3 and 5 min after intubation in group T x was unchanged in comparison with the baseline, whereas in group P t both values were significantly lower than baseline.
Diastolic arterial pressure (DAP) decreased after induction of anaesthesia in group P x (P < 0.001), and the difference in DAP between the groups at this point was significant ( fig. 1 ). Following intubation, heart rate (HR) increased in comparison with baseline in both groups and was significantly greater in group T! ( fig. 2) .
Because of technical problems with the assay, catecholamine concentrations were available for only 10 of 18 patients in group Pj and for eight in group T t . The demographic characteristics of + 48 +27 these patients did not differ from those of the group as a whole and therefore the data are presented. Plasma noradrenaline concentrations did not change in group P,; in group T t there was a significant increase in plasma noradrenaline concentration associated with tracheal intubation ( fig. 3 ). There were no changes in adrenaline concentrations. Pain on injection was noted in 10 of 18 patients receiving propofol (55%), but in none of the patients who received thiopentone.
Part 2
It was planned to include 30 patients in this part of the study, but the work was terminated after recruitment of 12 patients, as the degree of hypotension which occurred following propofol FIG. 2. Part 1: Mean (SEM) heart rate in groups P t ( ) and T, (-). t^ < 0.05 between group comparison; *P < 0.05 within group, compared with baseline. was deemed clinically unacceptable by the noninvestigating anaesthetist. The groups were comparable for age, weight and surgery performed; the patients' current medications are shown in table III. There were no between-group differences in baseline haemodynamic measurements. The mean induction dose of propofol was 1.8 (0.18) mg kg" 1 and loss of consciousness was achieved at a mean time of 62.5 (3.6) s; mean induction dose of thiopentone was 4.7 (0.37) mg kg" 1 and loss of consciousness was achieved at mean (SEM) time of 72.3 (4.7) s (dose ratio propofol: thiopentone 1:2.6).
There was a significant decrease in SAP in both groups after induction of anaesthesia ( fig. 4 ): 37 % in group P 2 and 22 % in group T 2 (P < 0.05 between groups) (table II). After intubation, SAP increased by a similar value in both groups, although thereafter in group P, SAP remained significantly (P < 0.01) less than baseline values (fig-4) .
DAP decreased from baseline in both groups after induction and was significantly lower in group P 2 ( fig. 4) . After an initial slight increase in DAP in both groups after tracheal intubation, DAP in group P 2 was significantly less than that of group T 2 .
In three patients in group P 2 , the decline in arterial pressure was sufficient to necessitate the rapid administration of up to 1000 ml of Ringers lactate solution i.v.
Changes in HR were less marked ( fig. 5 ), but after intubation in group T 2 , HR was significantly greater than baseline.
Because of the small number of patients in this study, no analysis of catecholamines was undertaken.
DISCUSSION
This study has demonstrated a significant decrease in systolic arterial pressure following induction of anaesthesia with propofol or thiopentone, which was more marked with propofol and in ASA grade III patients. An increase in SAP following tracheal intubation occurred in all patients, irrespective of the nature of the induction agent. Thus, although an antinociceptive effect of propofol has been proposed [2] [3] [4] , propofol, in common with thiopentone, did not protect the patient from the pressor response to laryngoscopy and intubation. However, the heart rate after intubation was slower with propofol, and this might support an antinociceptive effect. Hypotension following induction of anaesthesia in group P 2 was severe enough in three patients (50%) to require prompt treatment with i.v. crystalloid solution. This occurred despite the use of a lower dose of propofol, in respect of both the absolute dose and the propofol: thiopentone ratio (1:2.6, compared with 1:2.1 in ASA I patients). The propofol: thiopentone ratio has been estimated at 1:1.604 [7] . Thus a relative overdose of propofol does not explain these results.
Thiopentone and propofol were given slowly and administration was stopped when the endpoint was achieved. The mean dose of thiopentone administered in Part 2 (4.7 mg kg" 1 ) was greater than the dose of 3-4 mg kg" 1 which was sought. Prolongation of induction time may have permitted more accurate titration of dose to response. However, this procedure would have differed from the methodology in Part 1 and made comparisons invalid.
Loss of eyelash reflex is acceptable as an endpoint for induction of anaesthesia using thiopentone, and loss of verbal contact with the patient or relaxation of hand grip may be more appropriate with propofol [8] . As we were concerned with production of comparable conditions for reflex suppression (of the pressor response to tracheal intubation), we chose loss of eyelash reflex for both agents. This did not produce a relative overdose of propofol, as confirmed by our dose ratio.
We have compared data from Part 1 of our study with those of Part 2. Although different dose regimens were used, this was acceptable because lower doses of propofol have been suggested to achieve equipotency with thiopentone in older, high-risk patients [6, 9] . In this group of patients, however, further reduction in the recommended dose of propofol may be required to maintain cardiovascular stability, although this may carry the risk of unduly light anaesthesia.
In Part 2 of the study, patients were maintained on their normal treatment before operation, according to clinical practice, and this may affect haemodynamic responses to induction and tracheal intubation [10] . However, there was no correlation between the degree of change in the arterial pressures and the number and nature of the medications involved.
Coates and colleagues [11] measured haemodynamic variables in patients during infusions of propofol and Patrick and colleagues [12] studied patients with proven myocardial ischaemia, receiving a heavy premedication which included beta-adrenoceptor blocking drugs. In spite of differing methodology, the pattern of the findings of these authors was mirrored by the present study. No previous study has used a simple induction-intubation sequence as utilized in the present study.
It is known that increases in plasma concentrations of noradrenaline [13] and adrenaline [5] may accompany tracheal intubation. We have demonstrated an increase in noradrenaline concentration after tracheal intubation in patients receiving thiopentone, which was not apparent after induction with propofol. Fentanyl 100 ug was given 1 min before induction and this may have attenuated the catecholamine response to tracheal intubation; if so, it appears to have had more effect in the propofol group. There is a reported pharmacokinetic interaction between propofol and fentanyl such that plasma concentrations of propofol are increased [14] ; this could account for the observed effect in the present study. However, propofol itself may attenuate the noradrenaline response to intubation, if it is the stimulus to the cords which initiates the reflex. De Grood and co-workers [15] noted that the vocal cords at intubation were more relaxed after propofol than after thiopentone and, whereas laryngoscopy produces an increase in SAP, intubation (with vocal cord stimulation) leads to an increase in heart rate [16] . This may account for the absence of an increase in noradrenaline concentration with propofol and support a possible antinociceptive action.
A slight reduction in catecholamine concentrations has been noted after induction of anaesthesia with thiopentone [5, 13] and a decrease in plasma catecholamine concentrations after induction of anaesthesia with propofol or thiopentone has been reported [17] . These observations were not confirmed in the present study.
We conclude that, when used in the manner described in this study, propofol may not be a suitable agent for induction of anaesthesia in the elderly or high-risk patient.
